
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/271845779

The phase diagram of solid hydrogen at high pressure: A challenge for fir�st

principles calculations

Conference Paper · March 2015

CITATIONS

0
READS

112

2 authors:

Some of the authors of this publication are also working on these related projects:

Fast and Accurate Quantum Monte Carlo for Molecular Modeling View project

Highre pressure hydrogen View project

Sam Azadi

Imperial College London

44 PUBLICATIONS   631 CITATIONS   

SEE PROFILE

Matthew Foulkes

Imperial College London

100 PUBLICATIONS   4,838 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Sam Azadi on 06 February 2015.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/271845779_The_phase_diagram_of_solid_hydrogen_at_high_pressure_A_challenge_for_first_principles_calculations?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/271845779_The_phase_diagram_of_solid_hydrogen_at_high_pressure_A_challenge_for_first_principles_calculations?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Fast-and-Accurate-Quantum-Monte-Carlo-for-Molecular-Modeling?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Highre-pressure-hydrogen?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sam_Azadi2?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sam_Azadi2?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Imperial_College_London?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sam_Azadi2?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Matthew_Foulkes?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Matthew_Foulkes?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Imperial_College_London?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Matthew_Foulkes?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sam_Azadi2?enrichId=rgreq-07afeeeef0147befbebf5cf8e8aae5c7-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0NTc3OTtBUzoxOTM4MDM3ODE3MDk4MjRAMTQyMzIxNzgzMDM5OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Abstract Submitted
for the MAR15 Meeting of

The American Physical Society

The phase diagram of solid hydrogen at high pressure: A chal-
lenge for first principles calculations1 SAM AZADI, MATTHEW FOULKES ,
Imperial College London — We present comprehensive results for the high-pressure
phase diagram of solid hydrogen. We focus on the energetically most favorable
molecular and atomic crystal structures. To obtain the ground-state static enthalpy
and phase diagram, we use semi-local and hybrid density functional theory (DFT)
as well as diffusion quantum Monte Carlo (DMC) methods. The closure of the band
gap with increasing pressure is investigated utilizing quasi-particle many-body cal-
culations within the GW approximation. The dynamical phase diagram is calculated
by adding proton zero-point energies (ZPE) to static enthalpies. Density functional
perturbation theory is employed to calculate the proton ZPE and the infra-red and
Raman spectra. Our results clearly demonstrate the failure of DFT-based methods
to provide an accurate static phase diagram, especially when comparing insulating
and metallic phases. Our dynamical phase diagram obtained using fully many-body
DMC calculations shows that the molecular-to-atomic phase transition happens at
the experimentally accessible pressure of 374 GPa. We claim that going beyond
mean-field schemes to obtain derivatives of the total energy and optimize crystal
structures at the many-body level is crucial.

1This work was supported by the UK engineering and physics science research coun-
cil under grant EP/I030190/1, and made use of computing facilities provided by
HECTOR, and by the Imperial College London high performance computing centre.
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